ABSTRACT
T
he term "sinus headache" is a common yet misunderstood chief complaint that often leads patients to an otolaryngologist. 1 A sinus headache implies that a patient's headache originates as a result of sinonasal inflammatory disease. However, this too often is an inaccurate self-diagnosis that may be based on any combination of a number of factors, which include patient misunderstandings of sinus anatomy and physiology, and which may be secondary to misinformation propagated by the media, including advertisements for overthe-counter sinus medication.
Furthermore, this perspective may also be reinforced by primary care physicians and emergency medicine providers who diagnose patients with facial pain and pressure with sinus disease. 2 In fact, Novis et al., 2 reviewed the radiographic findings of 114 patients diagnosed with chronic sinus disease (CRS) by non-otolaryngologists and found that most patients diagnosed with CRS by non-otolaryngologists actually did not have evidence of CRS. 2 Even in patients with radiographic evidence of CRS, there is no correlation between pain scores and Lund-Kennedy endoscopy scores or Lund-Mackay computed tomography (CT) scores. 3 Either through self-referral or via another provider, otolaryngologists are often sought to provide care for patients with various perifacial or headache syndromes in the presence of congestion, rhinorrhea, and other rhinologic symptoms. 1 Otolaryngologists should be prepared to evaluate and treat these patients, at least to determine whether or not the patient's facial pain is truly rhinogenic or sinogenic. Herein, we discussed potential etiologies of sinus headaches; described the clinical and physiologic associations between sinonasal disease and other pathologies, particularly migraines; and presented a cost-effective diagnostic algorithm to distinguish sinogenic headache from other etiologies.
MIGRAINE AND SINUS HEADACHE
The relationship between sinus headaches and migraines has become clearer in recent years, and the preponderance of current data indicates that the majority of the patients who present with either a self-diagnosed or physician-diagnosed sinus headache have migraines. 4 A case series of 2991 patients who presented with sinus headaches found that 88% of these patients met International Headache Society (IHS) criteria for a migraine. 5 IHS migraine criteria are defined in Table 1 . 6 In fact, 42% of patients who were later diagnosed with a migraine per IHS criteria, were initially incorrectly diagnosed with sinus headaches. 7 To further confound the diagnosis of migraines and sinogenic headache, patients often report several seemingly sinus-related symptoms when diagnosed with a migraine. 5 Of patients who met IHS criteria for migraines, 84% of patients reported sinus pressure, 82% reported pain in the sinus areas, 63% reported nasal congestion, and 40% reported rhinorrhea at the time of their initial office visit. 5 In addition, among patients referred to tertiary care centers for recurrent acute sinusitis, 47% were ultimately diagnosed with rhinitis, 37% with a headache or migraine, and 12.5% with otherwise unspecified facial pain. 8 These observations raise the question whether there is a physiologic mechanism that explains this symptom overlap. Other headache conditions, such as cluster headaches and Sluder neuralgias (discussed below), serve as examples in which primary headache syndromes are associated with physiologic phenomena that mimic rhinosinusitis, including ipsilateral nasal congestion, rhinorrhea, conjunctival injection, lacrimation, and eyelid edema as well as periorbital or temporal pain. 9 Autonomic dysfunction is believed to induce the cephalgia associated with each of these two conditions and is responsible for the associated rhinogenic symptom complex. 9 Although less neurologically focal, migraines exhibit similar underlying vascular and autonomic phenomena. 10 It was initially believed that migraines were a strictly vascular disorder in which an aura was caused by a vasoconstriction and the cephalgia was caused by the subsequent vasodilation. 11 However, this theory has fallen out of favor. 11 It is now believed that migraine headaches are the result of a primary neuronal dysfunction in which cortical-spreading depression, a self-propagating depolarizing wave, spreads across the cerebral cortex and ultimately activates trigeminal nerve afferents. 12 The subsequent cytokine cascade causes local neurogenic mucosal inflammation that amplifies pain. 12 Calcitonin-gene-related peptide (CGRP) is an important neuropeptide and potent vasodilator released from trigeminal nerve endings during a migraine. 10 Triptans, serotonin agonists used as a common migraine treatment, have been found to decrease CGRP from the trigeminal sensory neurons, and, therefore, decrease the vasodilation that occurs during a migraine. 13 In addition to the release of CGRP, dilation of the trigeminovascular system releases substance P, a vasodilator and proinflammatory molecule. 14 Pain from inflammation and vasodilation is transmitted upstream via trigeminal afferents to the trigeminal nucleus caudalis (TNC). 10 
D O N O T C O P Y
Activation of the TNC may be perceived as referred pain, not only along the entire tract of the trigeminal nerve but also along the posterior head and neck because the TNC also houses the afferent nerves for these regions. 15 Furthermore, the superior salivatory nucleus, which lies in close proximity to the TNC, houses local parasympathetics, which can result in rhinorrhea, congestion, and lacrimation. 16 Vasodilation, a downstream effect of the cortical-spreading depression that is believed to cause migraines, occurs along the trigeminal nerve in regions that include nasal and sinus mucosa. 15 This vasodilation and inflammation of nasal and sinus mucosa may cause the rhinorrhea and congestion associated with migraines. 16 In fact, endoscopic findings before and during a migraine episode revealed significant inflammation during a migraine that is not present before the onset of migraine symptoms. 17 It is not unreasonable that patients who experience increased congestion, rhinorrhea, and lacrimation during migraine episodes would mistakenly treat these symptoms as those of sinus disease. Furthermore, patients may find that some drugs that treat rhinosinusitis-like symptoms (i.e., pseudoephedrine) may coincidentally alleviate their "sinus headaches." 18 Pseudoephedrine, a known vasoconstrictor, may prevent the downstream vasodilation effects of a migraine and may alleviate migraine pain by indirectly treating the migraine. 18 Unfortunately, this further reinforces the misperception that migraines are sinus headaches because these patients experience pain relief after taking medication perceived as a treatment for rhinosinusitis. To further confound this association, women are more likely to report CRS but are also more likely to experience migraines, which perhaps account, at least in part, for this gender difference. 19 It is important for an otolaryngologist to identify the difference between a sinogenic headache and a migraine despite their symptom overlap.
OTHER CAUSES OF SINUS HEADACHE Cluster Headache and Sluder Neuralgia
Cluster headaches and Sluder neuralgia are both trigeminal autonomic cephalgias that are associated with disorders in parasympathetic outflow. 9 The prevalence of cluster headaches is low (0.1%); cluster headaches mostly affect men. 20 They are characterized by intermitted periods of recurrent, unilateral, severe pain to the orbital, supraorbital, and temporal region, accompanied by various autonomic symptoms. 6 Autonomic symptoms include rhinorrhea, congestion, conjunctival injection, lacrimation, ptosis, and miosis. 6 Both sympathetic and parasympathetics of the periocular and nasociliary ganglion are thought to be involved. 9 Sluder neuralgia has a fairly similar pathophysiology to a cluster headache, and both are associated with similar autonomic symptoms. 9 In fact, both disease processes can actually be treated with the application of local anesthesia to the pterygopalatine ganglia. 9 The pain in Sluder neuralgia is typically less severe than a cluster headache and is typically found in the root or lateral side of the nose and radiating to the maxilla, mastoidal, or occipital area. 6 Sluder neuralgias classically involve the maxillary division of the trigeminal nerve, unlike cluster headaches, which typically occur along the ophthalmic division of the trigeminal nerve. 21 Unlike a cluster headache, Sluder neuralgia pain tends to be continuous rather than episodic. 9
Trigeminal Neuralgia
Trigeminal neuralgia is characterized by recurrent, brief episodes of unilateral, shock-like pain in the areas innervated by the trigeminal nerve. 6 These attacks are triggered by light touch, including shaving, chewing, and teeth brushing. 22 This disease mostly affects women, and most cases of idiopathic trigeminal neuralgia occur after age 50 years. 22 Most cases in which a specific etiology can be identified are caused by compression of the trigeminal nerve secondary to adjacent vasculature, although other possibilities include vestibular schwannoma, meningioma, epidermoid, or aneurysm. 23 Overall, 90% of trigeminal neuralgia cases are either due to vascular compression or are idiopathic. 6 
Hemicrania Continua
Hemicrania continua, as the name implies, is a unilateral headache disorder that often causes continuous, unrelenting pain in the orbital, frontal, and temporal regions. 24 Hemicrania continua is also associated with various autonomic symptoms, including nasal congestion, rhinorrhea, facial edema, and conjunctival injection. 24 This is a rare disorder, more common in women, with only a few hundred cases having been reported. 25 Both the posterior hypothalamus and dorsal 
Myofascial Trigger Point Pain
Myofascial headache pain includes tension headaches in the muscles of facial expression and temporomandibular apparatus. Tension headaches are the most prevalent headache in the general population and are characterized by a mild-moderate, bilateral nonthrobbing headache without associated features. 6, 27 Nociceptive stimuli from myofascial tissue causes pain in a tension headache. 28 Central sensitization to prolonged nociceptive stimuli may lead to chronic tension headaches. 29 In addition, migraines may precipitate or aggravate tension headaches. 6 Temporomandibular joint (TMJ) pain similarly elicits myofascial pain in the region of the TMJ. 6 This pain is the result of complex vector forces associated with mandibular mastication. 30 TMJ pain is more common in women and in ages 18-44 years, and is also associated with referred otalgia. 31 Patients with bruxism are at increased risk. 32 
Contact Point Headache
A contact point headache refers to pain related to sharply opposing rhinogenic mucosal surfaces that are the sources of a patient's cephalgia. 33 Examples of a contact point include septal spurs, septal deviation, and concha bullosa. 34 These contact points may cause the release of C fibers and substance P, which induces pain, local perivascular inflammation, and extravasation. 35 It is also possible that contact points may induce Sluder neuralgia. 9 The diagnosis relies on symptom relief after local anesthetic and/or decongestion is applied (either injection or topical). 35 
Brain Tumor
Brain tumors are a very rare cause of headache; however, they should not be overlooked due to their devastating consequences. Brain tumors account for Ͻ1% of all the patients who present with a headache. 36 Physicians should include brain tumors on their differential diagnosis when patients Ͼ50 years old present with new-onset headache or patients who present with headache and focal neurologic deficit. 36 The differential diagnosis for headaches is vast and can be caused by many of the following diseases: acute herpes zoster, medical overuse, giant cell arteritis, and subdural hematoma. However, because these other disorders are rarely confused with "sinus headaches," they are not discussed in depth in this review.
MANAGEMENT AND TREATMENT DILEMMAS
The diagnosis and treatment of some of the aforementioned etiologies of sinus headache can be straightforward. However, a classic diagnostic dilemma occurs when a patient presents with a sinus headache and other symptoms that may suggest rhinosinusitis but who also exhibits. One method to resolve whether symptoms are indeed sinogenic is to perform a CT in the setting of active symptoms. If negative, the scan essentially rules out a sinogenic cause of pain.
A recent study of 100 patients with symptoms consistent with CRS and a negative endoscopy underwent an upfront (point-of-care) CT. 37 Two alternative strategies were applied in grading the CT as positive: the strict method (Lund-McKay score, Ն4) and the liberal cutoff method (Lund-McKay score, Յ3; or if the scan correlated anatomically with the patientЈs symptoms). 37 The rate of CT positivity was only 20% under strict criteria and 49% using the more liberal criteria. 37 Symptomatically, only nasal obstruction was found to positively correlate with a scan being positive for CRS. 37 Patients who presented with postnasal drip and cough were more likely to have a negative CT. 37 In a similar study, symptoms that reduced the likelihood of a CT being positive for CRS included facial pain (not facial pressure), pain of a pulsating quality, and photophobia. 38 Anosmia was found to be a positive predictor of scan positivity for CRS. 38 Tan et al., 39 indicate that only patients with hyposmia, discolored discharge, and the absence of facial pain may benefit from pursuing empiric medical therapy before CT. Shields et al., 40 also showed that there is no correlation between facial pain severity and radiographic disease severity.
Because symptoms of facial pain do not correlate with CT positivity in patients with a negative endoscopy, it may be worthwhile to conduct a CT before initiating empiric medical therapy. Historically, empiric medical therapy was used as the initial step because it was perceived as inexpensive and with limited risk, whereas routine CTs may increase unnecessary radiation exposure and expense. 41 Advances in technology have shifted these paradigms, whereby current CT scanners and imaging protocols use minimal radiation and are less expensive. 42 CT costs, when using data from Medicare reimbursement, is $272.09, including both the technical and professional component of the scan. 43, 44 Modeling these costs in the context of Redbook estimates for cost of empiric medical therapy reveals that it is more cost effec- tive to screen patients first with a CT. 43, 44 This strategy may have further implications regarding timely referral for nonrhinologic causes of headache and facial pain, and for reduction of unnecessary antibiotic prescriptions that may cultivate resistance. 45 An alternate management algorithm is outlined in Fig. 1 .
CONCLUSION
Patients who present with "sinus headaches" may manifest multiple nonrhinologic etiologies, the most common of which is migraine. The pathophysiology of migraines, as well as other autonomic headache phenomena, may include the induction of a number of seemingly rhinogenic symptoms, such as rhinorrhea, nasal congestion, and lacrimation. These features may lead to misperception regarding the true etiology of symptoms on behalf of both patients and practitioners. In patients with presumed sinus headaches who manifest a negative diagnostic endoscopy, screening CT seems to be a more cost-effective primary management step than empiric antibiotic therapy. The latter strategy may be associated with increasing microbial resistance and delay in referral to other specialists, including neurologists for evaluation and management of nonrhinologic causes.
D O N O T C O P Y

